OBJECTIVE -To develop a score to predict impaired glucose tolerance (IGT) using common clinical data.
I
mpaired glucose tolerance (IGT) is an important intermediate stage in the natural history of type 2 diabetes (1) and has been associated with an increased risk for cardiovascular disease and mortality (2-4). Recent clinical trials report that lifestyle modifications or pharmacotherapy among individuals with IGT can reduce their risk of developing diabetes (5, 6) . The American Diabetes Association recommends screening for IGT or impaired fasting glucose in men and women age Ն45 years, particularly in those who are overweight or obese (7) . An oral glucose tolerance test (OGTT) is needed to diagnose IGT, which is defined as a postchallenge glucose value between 140 and 200 mg/dl (7.7 and 11.1 mmol/l) and the absence of a fasting glucose in the diabetic range (8) .
In the clinical setting, OGTTs are more costly than fasting or random blood measurements, are burdensome to administer, and are not commonly performed. Using only an elevated fasting plasma glucose to identify individuals at high risk for glucose intolerance is inadequate and will miss a substantial proportion of individuals with IGT (8, 9) . Some authors advocate screening high-risk populations with OGTTs, regardless of their fasting glucose level, whereas others do not (10 -13) . The purpose of this study was to examine the association of commonly available clinical characteristics known to be associated with IGT using a nationally representative U.S. dataset and to derive a numerical score based on readily available clinical information to predict presence of IGT.
RESEARCH DESIGN AND METHODS

Study population
The Third National Health and Nutrition Examination Survey (NHANES III) was conducted by the National Center for Health Statistics at 89 U.S. survey locations between 1988 and 1994. The survey used a stratified multistage probability cluster design with oversampling of Mexican Americans, African Americans, and the elderly. The survey consisted of multiple components including a household interview, a physical examination, and laboratory tests. Descriptions of the standardized protocols used for all interview, laboratory, and physical examinations have been previously published (14) .
We analyzed data from 2,746 individuals between the ages of 40 and 74 years who had completed a 2-h OGTT. A detailed description of the OGTT methodology has been previously published (8) . We excluded individuals who reported a previous diagnosis of diabetes and those who had a fasting plasma glucose Ն126 mg/dl (7.0 mmol/l) (14) . For the current study, IGT was defined as a 2-h postchallenge glucose Ն140 mg/dl (7.7 mmol/l). We included 128 individuals with a 2-h postchallenge glucose Ն200 mg/dl (11.1 mmol/l) and a fasting plasma glucose Ͻ126 mg/dl (7.0 mmol/ l). By definition, these individuals have diabetes and would require further clinical intervention (15) . Even though the outcome as we have defined it includes individuals with diabetes diagnosed only by the OGTT, we will refer to the outcome as "IGT" throughout the rest of the article.
Data were collected on other known risk factors for IGT and diabetes (15) . Standing height and weight were obtained during the physical examination and were used to calculate BMI. Individuals were considered obese if their BMI was Ն30 kg/m 2 and were considered overweight if their BMI was between 25 and 29.9 kg/m 2 (16) . Individuals were considered to have a family history of diabetes if they reported that any firstdegree relative had diabetes. Criteria for the metabolic syndrome included abdominal obesity (waist circumference Ͼ102 cm for men and Ͼ88 cm for women), a triglyceride level Ն150 mg/dl (1.69 mmol/l), and a serum HDL level Ͻ40 mg/dl (1.04 mmol/l) for men and Ͻ50 mg/dl (1.29 mmol/l) for women (17, 18) . Individuals were considered to have hypertension if they had a measured blood pressure reading Ն140/90 mmHg or they reported being told by their physician that they had high blood pressure.
Statistical analysis
Data were weighted to account for the unequal probability of selection that resulted from the survey cluster design, nonresponse, and oversampling of certain target populations (19, 20) . Sampling weights were used to calculate population estimates, and sampling strata and primary sampling units were accounted for to estimate variances and test for significant differences. Statistical analysis was performed using Stata 7.0 software (21, 22) to take into account the complex sampling design. All results are presented as unweighted counts (n) and weighted percentages and odds ratios (ORs). Pearson's 2 test was used to determine bivariate associations between socioeconomic and health characteristics of IGT.
We developed two multivariate models with the presence of IGT as the main dependent variable. The independent variables in the multivariate models included clinical characteristics associated with IGT in bivariate analysis or from previously published literature (8, 11 ). The first model will be referred to as the "clinical model" and includes those data most likely to be available at a routine clinical encounter, including sex, age, race/ ethnicity, family history of diabetes, BMI, fasting glucose, and blood pressure. The second model will be referred to as the "full model" and includes these covariates in addition to abdominal obesity and additional laboratory tests (triglyceride and HDL level). All continuous independent variables were entered into models in categorical form.
For the full multivariate model, we assessed goodness of fit with the HosmerLemeshow test (22) . We tested interaction terms between age, sex, and race/ ethnicity. The risk of IGT predicted for each person by the full multivariate model was used to define the area under the receiver operating characteristic (ROC) curve. To assess the external validity of the full multivariate model, we used an internal bootstrap technique (23) to estimate the area under the ROC curve for the predicted probability of IGT. We also tested the full multivariate model among a subsample of individuals with a BMI Ն24 kg/m 2 and a fasting blood glucose between 95 and 125 mg/dl, entry criteria for two recent diabetes prevention trials (5, 6) .
We created a simplified 8-point score by replacing significant multivariate model coefficients (P Ͻ 0.05) with integer values (24) as follows: a value of 1 for a significant multivariate OR between 1.1 and 1.9, 2 for an OR between 2.0 and 2.9, and 3 for an OR of Ն3. An ROC curve was used to describe the diagnostic properties of the 8-point scale.
The ROC curve plots the sensitivity as a function of 1 Ϫ specificity (the falsepositive rate). In this study, cut points of the scale score were examined. The sensitivity refers to the percentage of individuals with IGT whose score was above the cut point. If the sensitivity increases as the cut point increases, with a disproportionately smaller increase in the false-positive rate, the area under the ROC curve will be large. The ROC curve area is smaller if false-positive cases accumulate more rapidly as the cut point increases. The area under the ROC curve represents the probability that a subject chosen at random from a group of people with IGT had a higher point value than an individual without IGT. Likelihood ratios were calculated for each cut point of the score. The likelihood ratio for a positive test result is the ratio of the probability of a positive test result among the truly positive subjects to the probability of the positive test result among truly negative subjects. Similarly, the likelihood ratio for a negative test result is the ratio of the probability of a negative test result among the truly positive subjects to the probability of a negative test result among the truly negative subjects.
Analyses of the area under the ROC curves were used to assess the full multivariate model and the 8-point score. We calculated the SE of the area under the ROC curve and compared areas under the ROC curve (22) . Comparisons of the area under the ROC curve were examined for the full model, the use of fasting glucose alone to predict IGT, and the application of the model to a subpopulation eligible for diabetes prevention trials (5,6).
RESULTS -The population characteristics of the sample are displayed in Table 1. The majority of the sample was white, and 53% were women. Over onethird of the participants had high blood pressure, an elevated serum triglyceride level, or a low serum HDL level. The majority of the sample was either overweight or obese, and almost half of the respondents had abdominal obesity. Of the sample, 21% had IGT (n ϭ 686). Bivariate correlates of IGT are displayed in Table 1 and include increasing age, MexicanAmerican ethnicity, and impaired fasting glucose. Characteristics of the metabolic syndrome, including obesity, hypertension, elevated triglycerides, and low serum HDL, were also associated with IGT. An individual's sex or a family history of diabetes was not significantly associated with IGT. Table 2 presents the results from multivariate logistic regression models predicting IGT (F statistic for clinical and full model, P Ͻ 0.0000). In the clinical model, using the most commonly available clinical variables, the strongest association with IGT is impaired fasting glucose between 110 and 125 mg/dl (6.1 and 6.9 mmol/l) (OR 6.2, 95% CI 3.5-10.9). Other significant associations include Mexican-American ethnicity, age between 60 and 74 years, obesity, and hypertension. When other characteristics of the metabolic syndrome, including elevated triglycerides, low HDL, and abdominal obesity, are added in the full model, obesity is no longer independently associated with IGT. Interactions between age, sex, and race/ethnicity were not found to be significantly associated with the presence of IGT (data not shown). The area under the ROC curve for the full multivariate model predicting IGT was 0.76 (95% CI 0.72-0.78). The difference in the area under the ROC curve obtained by the bootstrap procedure compared with the original sample was 0.008. The Hosmer-Lemeshow test did not reject the goodness of fit of the full model (P ϭ 0.11). The full multivariate model had similar predictive ability for the subsample of individuals with a fasting blood glucose between 95 and 125 mg/dl and a BMI Ն24 kg/m 2 (area under the ROC curve 0.73 [95% CI 0.71-0.75], P ϭ 0.06 compared with the entire study sample). When we excluded the 128 individuals with a 2-h OGTT value of Ն200 mg/dl from the analysis, no difference was noted in the predictive ability of the full model (area under the ROC curve 0.76 [95% CI 0.73-0.77], P ϭ 0.13 compared with the entire study sample). Table 3 presents a scoring system based on the results of the multivariate regression analyses. The highest possible score is 8. Because obesity was significant in the first model and not in the full model after the addition of triglyceride level, two scores were created: one using the triglyceride level and one using obesity. Table 4 presents the test characteristics of this Ͻ90 (Ͻ4.9) Reference Reference 90-100 (4.9-5.5) 0.9 (0.6-1.2) 0.9 (0.6-1.2) 101-109 (5.6-6.0) 1.8 (1.2-2.6) † 1.6 (1.1-2.5) † 110-125 (6.1-6.9) 6.2 (3.5-10.9)* 6.3 (3.5-11.1)* BMI (kg/m 2 ) Ͻ25 Reference Reference 25-29. 9 1.1 (0.8-1.5) 0.8 (0.6-1.8)
Data are ORs (95% CI). ORs are adjusted for all listed covariables. OR Ͼ1 indicates the increased probability of having an abnormal 2-h OGTT. *P Ͻ 0.001; †P Ͻ 0.05. ‡Ն140/90 mm Hg or reported diagnosis of hypertension. §Ͻ50 mg/dl (1.29 mmol/l) for women, Ͻ40 mg/dl (1.04 mmol/l) for men. Waist circumference Ͼ88 cm for women, Ͼ102 cm for men.
scoring system. The area under the ROC curve is 0.74 (95% CI 0.72-0.76), which is significantly larger than the area under the ROC curve for fasting glucose level alone (0.69 [95% CI 0.67-0.72], P Ͻ 0.002). The area under the ROC curve was similar when obesity was used instead of triglyceride value to calculate the score (data not shown). Table 4 highlights two cut points in the score that may be clinically useful. When a low cut point is set (for example, if the test is considered positive with a score Ն2), the sensitivity of the score is high. A total of 86% of individuals with IGT had a score Ն2. Forty-eight percent of the sample had a score Ͻ2. When the cut point is set high (for example, if the test is considered positive with a score of Ն6), the specificity is high. Of those without IGT, 97% had a score Ͻ6. The positive likelihood ratio of 6.0 for a score of Ն6 and the negative likelihood ratio of 0.2 for a score Ͻ2 both generate a moderate shift in the pretest to posttest probability of IGT (25) .
CONCLUSIONS -We present a simple 8-point score based on commonly available clinical data that accurately predicts individuals at low and high risk of having IGT. This scale performs significantly better than fasting glucose level alone in identifying individuals with IGT. When a low cut point of 2 is used to define a positive test, the sensitivity of the test is high (86%). Thus, individuals with a score Ͻ2 have a low likelihood of having the disease. Further oral glucose tolerance testing may not be necessary in this low-risk group, which comprises almost half of this nationally representative population of individuals aged 40 -74 years.
When a higher cut point of 6 is used to define a positive test, the specificity of the test increases and most individuals (97%) without IGT have a score of Ͻ6. Thus, individuals with a score Ն6 have a high likelihood of having IGT. Targeting individuals with scores Ն6 for OGTTs may help identify individuals at high risk for IGT and diabetes among individuals with fasting plasma glucose levels in the nondiabetic range. An intermediate score between 2 and 6 will not help clinicians determine the risk of IGT, but lifestyle interventions should be targeted in individuals with low HDL, high triglycerides, and obesity, independent of IGT (18, 26) . The outcome of the prediction model included 128 subjects with diabetes based on a 2-h glucose of Ն200 mg/dl (11.1 mmol/l) and a fasting glucose in the nondiabetic range. Although diabetes and IGT are distinct categories in terms of glucose tolerance classification, the identification of either may lead to similar clinical interventions.
The strength of this study is the use of nationally representative data (8) . Our results add important evidence for screening individuals at high risk of IGT based on commonly available clinical data. Previous authors have not advocated using clinical data to predict IGT (11) . In a population-based study conducted in Sweden, a high-risk screening strategy based on obesity and family history did not detect the majority of individuals with IGT (11). However, this study had a lower rate of obesity than in the U.S., did not use triglyceride or HDL levels in analyses, and did not combine multiple risk factors into a numerical score. Limitations of our study include the use of self-reported data of socioeconomic and health characteristics that are subject to recall and other biases. In addition, NHANES III only allows for population estimates among white, African-American, and MexicanAmerican populations and does not have adequate sample size to make estimates about Asian-or Native-American populations. Recent clinical trials demonstrated that diabetes can be prevented by behavioral and pharmacological interventions among high-risk populations (5, 6) . Individuals were included in these clinical trials if they had an abnormal glucose tolerance, defined by a 2-h response to a fixed glucose load. Because of cost and inconvenience, the OGTT is rarely used in clinical practice. We present a simple score based on commonly available clinical data to differentiate individuals at both low and high risk for the presence of IGT. V, Taksali S, Barbetta G, Sherwin RS, 
